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(54) Process for etching an insulating layer and forming a semiconductor device 



(57) Many variations of etches tor insulating layers 
(114, 400, 422, 426) can be used. In one set of embod- 
iments, an insulating layer (114, 400, 422, 426) is 
etched using an oxide etching component, a fluorine- 
scavenging component, and an organic etching compo- 
nent. In another set of embodiments, the insulating layer 
(114, 400, 422, 426) includes at least one atomic weight 
percent of camon or hydrogen That insulating layer is 



etched using an oxide etching gas and a nitrogen-con- 
taining gas. In yet another set of embodiments, an insu- 
lating layer (114, 400, 422, 426) is formed over 
semiconductor device substrate (100) having a diame- 
ter of at least approximately 300 millimeters. The insu- 
lating layer (114, 400, 422, 426) is etched using an 
oxide etching gas and a nitrogen-containing gas. 
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Description 

Field of the Invention 

[0001] The present invention relates generally to 
processes for forming semiconductor devices, ana 
more particularly, to etch processes used in forming 
semiconductor devices. 

Related An 

[0002] Modern semiconductor devices are more 
likely to use low-k dielectric materials for inte r level die- 
lectrics to reduce problems, sucn as cross talk, unin- 
tended capacitance between conductors, and improved 
performance. Materials used for low-k dielectrics typi 
cally include polymerfilms or silica-based films. As used 
in this specification, low-k dielectrics are dielectrics hav- 
ing a dielectric constant no higher than approximately 
3.5. Traditionally, silicon dioxide has been used as a die- 
lectric material and has a dielectric constant of approxi- 
mately 3.9. Typically when etching silica-based 
materials, the etching process stops on an etch-stop 
layer such as silicon nitride, silicon-rich silicon nitride or 
other similar materials. 

[0003] Newer low-k dielectrics that are silica-based 
include fluorine-doped oxides and oxides that include 
carbon and hydrogen. Etching these silica-based, Jow-k 
dielectric materials becomes particularly difficult when 
the hydrogen or both carbon and hydrogen are present 
in the silica-based film. When etching these materials, 
they need to be etched selectively to silicon nitride. Oth- 
erwise, an electrical short in a self-aligned contact or 
the formation of metallic veils (copper or aluminum) may 
occur. 

[0004] Traditional silicon dioxide etch processes do 
not work well, particularly for the organic silica-based 
films (OSG). Generally, octofluorobutene (C 4 F 8 ) and 
carbon monoxide (CO) have been used for etching sili- 
con dioxide films selective to silicon nitride, however, 
this etch chemistry will not effectively etch the carbon 
and hydrogen that is present within the OSG films. 
Molecular nitrogen (N 2 ) has been added to trifluor- 
ornethane (CHF 3 ) and carbon tetrafluonde (CF 4 ) gases 
during an oxide etch. In that particular embodiment, the 
ratio of nitrogen to the total fluorocarbon compounds is 
believed to be approximately 1 :2. This chemistry is tai- 
lored specifically for high aspect ratio openings for tradi- 
tional oxides (hydrogen or carbon level much less than 
one atomic percent). The levef of nitrogen present may 
not be sufficient to remove the hydrogen and carbon 
seen with typical organic silica-based dielectrics. 

Brief Description of the Drawings 

[0005] The present invention is illustrated by way of 
examoie and not limitation in the accompanying figures, 
in which like references indicate similar elements, and in 



wnch- 

FIG. 1 includes an illustration of a cross-sed:onal 
view of a portion of a semiconducto' device after 
5 forming gate electrodes and a Icw-k dielectric mate- 

rial: 

FIG. 2 includes an illustration of a cross-sectional 
view of the substrate of FIG 1 after etching a con- 
tact opening; 

j c FIG. 3 includes an illustration of a cross-sectiona! 
view of the substrate of FIG. 2 after forming a con- 
ductive plug within the opening; 
FIG. 4 includes an illustration of a cross-sectional 
view of the substrate of FIG. 3 after forming an 

75 interconnect and anotner set of "mterlevel dielectric 
layers; 

FIG. 5 includes an illustration of a cross-sectional 
view of the substrate of FIG. 4 after forming via 
opening portions for a dual inlaid opening; 
20 FIG 6 includes an illustration of a cross-sectional 
view of the substrate of FIG. 5 after forming a dual 
inlaid opening; and 

FIG. 7 includes an illustration of a cross-sectional 
view of the substrate of FIG. 6 after forming a sub- 
25 stantially completed device. 

[0006] Skilled artisans appreciate that elements in 
the figures are illustrated for simplicity and clarity and 
have not necessarily been drawn to scale. For example, 
30 the dimensions of some of the elements in the figures 
may be exaggerated relative to other elements to help 
improve the understanding of the embodiments of the 
present invention. 

35 Detailed Descripti on 

[0007] Many variations of etches for insulating lay- 
ers can be used. In one set of embodiments, an insulat- 
ing layer is etched using an oxide etching component, a 

40 fluorine-scavenging component, and an organic etching 
component. In another set of embodiments, the insulat- 
ing layer includes at least one atomic weight percent of 
carbon or hydrogen. That insulating layer is etched 
using an oxide etching gas and a nitrogen-containing 

45 gas. In still another set of embodiments, an insulating 
layer is formed over semiconductor device substrate 
having a diameter of at least approximately 300 millime- 
ters. The insulating layer is etched using an oxide etch- 
ing gas and a nitrogen-containing gas. The present 

so invention is defined by the claims and is better under- 
stood after reading the descriptions of the embodiments 
below. 

[0008] FIG. 1 includes an illustration of a cross sec- 
tional view of a semiconductor device a; an intermediate 
55 portion of processing. Referring to FIG. l, a semicon- 
ductor device substrate 1 00 includes doped regions 1 02 
that are source, drain or source/drain regions. As used 
in this specification, a semiconductor device substrate 
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includes a rronocr/sta'line semiconductor wafe*, a 
semicondjctor-on-msuiato' wafer, or any other sub- 
strate used in forming semiconductor devices. The sem- 
iconductor device sutstrate has a diameter of 
approximately 200 mil imeters (mm), although other 5 
sizes, such as 3C0 mm or even .arger, can ce used. A 
gate dielectric layer 104 overlies portions of the semi- 
conductor device substrate 1 00 and regions 1 02. A gate 
electrode layer 1 C6 overlies the gate dielectric layer 1 04 
and a capping layer 1 08 overlies the gate electrode 1 06. 10 
Typically, the capping laye r 108 ncludes silicon nitride 
or other similar material. After fomning these elements, 
a liner layer 1 10 is then formed over the doped regions 
and portions of the gate electrode stacks. The liner layer 
110 is typically an oxide. Sidewall spacers 112 are 75 
formed along the vertical sidewall portions of the gate 
electrode structures immediately adjacent to the liner 
layer 110. In this embodiment, the sidewal! spacers 1 1 2 
are made of silicon nitride. 

[0009] A first interlevei dielectric layer 1 1 4 is then 20 
formed over the liner layer 110 and spacers 112. The 
first interlevel dielectric layer 114 typically is a sitica- 
based material that includes either hydrogen or hydro- 
gen and carbon. Typically, the atomic weight percent of 
the hydrogen or the carbon and hydrogen is at least 25 
approximately 5 atomic % and could be as high as 
approximately 20 atomic %. At this level, the silica- 
based film etches significantly different f rom a tradi- 
tional silicon dioxide film. Although tetraethylorthosiii- 
cate-oased (TEOS-based) oxides include carbon and 30 
hydrogen, a silicon dioxide film formed from TEOS will 
typically have much less than one atomic percent car- 
bon and hydrogen composition within the film. There- 
fore, the organic silica-based films have a much higher 
level of hydrogen and carbon within them, for example, 35 
approximately 5-20 atomic percent hydrogen or com- 
bined hydrogen and carbon. The dielectric constant of 
this film is typically in a range of approximately 2.7-3.5, 
when only hydrogen is added. If both carbon and hydro- 
gen are added to approximately 1 0 atomic percent, the 40 
dielectric constant is in a range of approximately 2.5- 
2.8. The first ILD layer 114 can be formed by a spin-on 
method or by chemical vapor deposition. After a 
ptanarized first interlevel dielectric layer has been 
formed, a capping layer 1 1 6 is typically formed overlying 45 
it. The capping layer 1 1 6 is typically a silicon dioxide film 
however, other films can be used if desired. A photore- 
sist layer 120 is then formed and patterned where a 
contact opening will be formed. 

[0010] An etch is performed to remove portions of so 
the capping layer 116, the first ILD layer 114, and the 
liner layer 110 to form contact opening 20 as shown in 
FIG. 2. The etch chemistry used to etch the first ILD 
layer 114 typically includes at least one species that 
includes carbon and fiuorine (fiuorocarbon species). 55 
This etching species is the primary oxide etchant com- 
ponent for the silica within the !ow-k dielectric material. 
Additionally, the etch chemistry includes a flucrine scav- 



enging component to improve selectivity to nitride ard 
an crganic etcnant. which is used to etch tne carben 
and hydrogen wthin the first ILD layer. In one specific 
embodiment, the chemistry can include octotluor- 
obutene (C 4 F 8 ) as the silica etchant, carbon monoxiae 
(COi as a fluorine- scavenging component, ana molec- 
ular nitrogen gas as an organic etching component. CO 
helps to improve the selectivity to nitride and nitrogen 
gas reacts with carbon and hydrogen to form, hydrogen 
cyanide (HCN), which evolves as a gas. 
[0011] The first ILD layer 114 has a capability of 
being etched selective to the silicon nitride in both the 
capping layer 108 and the sidewall spacers 112 such 
that a relatively small (insignificant) portion is removed. 
Seiectivities of oxidemitride removal using this etch typ- 
ically are at least 5:1 and more commonly are in a range 
of approximately 6:1 to 25:1. In one particular embodi- 
ment, octofluorobutene flows at approximately 10 
standard cubic centimeters per minute (seem), carbon 
monoxide flows approximately 400 seem, and molecular 
nitrogen gas flows at approximately 100 seem. In this 
particular embodiment, the gas flow rates are used for a 
200 mm diameter wafer. If different wafer sizes are 
used, generally the flow rates will need to be adjusted. 
A simple conversion would be to take the size the diam- 
eter of the substrate (in millimeters) to be etched divided 
by 200 then raised to a power in a range of approxi- 
mately 1 .5 to 2.5. In this manner, the gas flow rates can 
be adjusted for a variety of wafer sizes. 
[0012] In other embodiments, the carbon monoxide 
flow may be adjusted to approximately 100 seem, and 
the nitrogen flow held constant at approximately 100 
seem. In still another embodiment, the flow rates of car- 
bon monoxide and nitrogen can be increased beyond 
those previously listed. When the flow rate of carbon 
monoxide is approximately 500 standard cubic centime- 
ters per minute and the nitrogen is at approximately 200 
standard cubic centimeters per minute, etch seiectivi- 
ties as high as 25:1 may be achieved. Even higher 
seiectivities may be possible with further optimization of 
the gas flow rates. 

[0013] The gas ratio of the nitrogen gas to octofluor- 
obutene is typically at least approximately 1 :1 , and more 
commonly is in a range of approximately 5:1 to 20:1. In 
terms of gas ratios between the carbon monoxide and 
molecular nitrogen, a gas flow ratio of one part carbon 
monoxide to one part of nitrogen gas up to at least 4 1 
are desired. In general, the selectivity improves as the 
amount of carbon monoxide increases. However, if the 
relative portion of nitrogen is reduced too much with 
respect to carbon monoxide, some of the hydrocarbon 
etching that is seen by using nitrogen gas may 
decrease. There f ore, although no lower limit of the ratio 
of the carbon monoxide to nitrogen is known, there 
becomes a point at which etching the hydrocarbon will 
be too slow. Other than the gas flows and ratios, all 
other etching parameters are expected to be those as 
conventionally used within the industry. 
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[0014] Other silica containing soecies can be used 
Ideally, the silica etching species shculd have no hydro- 
gen atoms Examples include carbon tetrafluoride 
(C 1 ^), hexafluoroethane (C 2 F 6 ;, hexafiuoropro- 
pene(C 3 :: 6). and octofluoropentadiene (CsFg). Still, the 
siica etching species can include some hydrogen, such 
as trifluoromethane (CHF 3 ). 

[0015] In other embodiments carbon monoxide may 
not be required to etch the ILD layer 114, if the nitride 
layers 108 and 112 are substantially thick enough. In 
these particular embodiments, it could be that only a 
fluorocarbon etching species and molecular nitrogen 
are being used. In this case, the ratio of the fluorocar- 
bon to nitrogen should be at least 1:1 and typically will 
be in a range of 5 parts of nitrogen gas to 1 part fluoro- 
carbon up to approximately 20 parts nitrogen gas to one 
part fluorocarbon. In yet another embodiment, either 
one or both of the carbon monoxide and nitrogen gases 
may be replaced with nitrous oxide (N 2 0). If nitrous 
oxide is used, it can potentially be a fluorine scavenger 
similar to carbon monoxide. Because nitrogen should 
be present when N 2 0 breaks down, it is possible that 
nitrogen in the plasma can be an organic etchant to 
react with the carbon and hydrogen within the silica- 
based material. 

[0016] Although not disclosed, each of these etch 
chemistries given typically will also include noble gas, 
such as argon, helium, neon, or the like. Depending on 
the process chamber dynamics, the inert gas helps in 
controlling chamber pressure, compensating for resi- 
dence time and improving etch rate uniformity. 
[0017] The capping layer 116 and the oxide liner 
layer 110 can be etched using the same etch chemistry 
used in etching the first ILD layer 1 1 4 or can be etched 
using more traditional oxide etched chemistries. 
[0018] In still another embodiment, multiple steps 
can be performed to create the contact opening 20. In 
one embodiment, an appropriate fluorocarbon species 
can be used in combination with nitrogen for etching 
most of the capping layer 1 1 6 and the first ILD layer 1 1 4 
and then towards the end of the etch, the process is 
switched to a selective chemistry that would include the 
low fluorine to carbon ratio gas, nitrogen and carbon 
monoxide. 

[0019] A contact plug 30 is then formed within the 
contact opening as shown in FIG. 3. The contact plug is 
formed using a barrier film 32 and a conductive fill mate- 
rial 34. In one particular embodiment, the barrier film 32 
includes titanium, titanium nitride, tantalum, tantalum 
nitride, other refractory metals, their corresponding 
nitrides, or combinations thereof. The conductive fill 
material 34 is typically tungsten, however, in some 
embodiments, aluminum or possibly copper could also 
be used. 

[0020] A first interconnect level is formed by forming 
a second ILD layer 400 and forming an interconnect 
trench that contacts the conductive plug as shown in 
FIG. 4. The second ILD layer 400 typically is formed of 



a similar material as a *irst ILD layer 1 14. After etching 
the second ILD laye r 400 us;ng any of the etching con- 
ditions tnat were described for etching the first ILD layer 
1 14, the interconnected trench is then filled with a bar- 

5 ner film 41 2 and a conductive fill material 41 4. After po- 
ishing, the interconnect 410 is fomned as shown in -IG. 
4. The barrier film 412 can be any one or more of the 
materials listed with respect to barrie r film 32. In this 
particular embodiment, the conductive fill material 414 

io is typically copper, aluminum, tungsten or the like. 

[0021] A secona set of films is formed for making a 
dual-inlaid opening that will be formed. A nitride capping 
layer 420 is formed to keep the copper 414 within the 
interconnect 41 0. A third ILD layer 422 and an etch-stop 

15 layer 424, a fourth ILD layer 426, and a capping layer 
428 are sequentially formed. The capping layer 428 is 
similar to the capping layer 1 1 5 as described in conjunc- 
tion with FIG. 1. The interlevel dielectric layers 422 and 
426 are similar to those described with respect to the 

20 first interlevel dielectric layer 114. Typically, the layers 
420 and 424 are insulating layers. The etch-stop layer 
424 is typically formed of a nitride layer, such as silicon 
nitride, and the capping layer 420 is also formed of sili- 
con nitride or the like. A photoresist layer 430 is then 

25 formed and patterned to correspond to the shape of a 
via portion for a dual inlaid opening. 
[0022] Referring to FIG. 5, an etch is then per- 
formed to create the via 52 portion that extends through 
layers 422 through 428. The etch stops on the capping 

30 layer 420 to prevent possible via veil formation from 
occurring. The via veils could be formed if the plasma 
etch chemistry used in forming the via portion 52 would 
extend such that it contacts the conductive fill material 
414. The etch chemistries previously described regard- 

35 ing first ILD layer 1 14 can be used in etching layers 422 
and 426. The etch chemistry will change when etching 
through the nitride etch-stop layer 424 and may change 
before reaching the capping layer 420. 
[0023] After removing the photoresist layer 430, 

40 another photoresist layer 64 is formed over the capping 
layer 428 and patterned to correspond to the intercon- 
nect opening. Referring to FIG. 6, an etch is then per- 
formed to form the dual inlaid interconnect opening 60, 
which includes an interconnect trench portion 62 and 

45 the via portion 52. Typically the etch will be performed to 
remove the capping layer 428 and the fourth ILD layer 
426, stopping on the etch-stop film 424. A subsequent 
portion of the etch uses a nitride etch chemistry to 
remove both the etch-stop film 424 and the capping 

so layer 420 within the dual inlaid opening. Because the 
etching of the capping layer 420 and etch-stop layer 424 
are performed at a lower power compared to an oxide 
etch, the likelihood of forming via veils is decreased. 
[0024] Processing is continued to form a substan- 

55 tially complete device as shown in FIG. 7. A barrier film 
72 is first formed following by a conductive fill material 
74. The materials listed for use with respect to intercon- 
nect 410 can be used at this level. A polishing step is 
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used to remove the oorticns of fiim 72 and materia! 74 
lying outside cf the dual inlaid opening. This forms the 
interconnect 70 as illustrated in FIG. 7. A passivation 
layer 76 is then formed ove'the uppermost level of inter- 
connects tc form a substantially completed device. 5 
[0025] The various embodiments of the present 
invention include many benefits. One of the biggest 
benefits is allowing a reasonable etch rate tor silica- 
based, organic-containing material for low-k dielectrics. 
A combination of the fluorocarbons and nitrogen-con- w 
taning etching chemistry allcws etching of both silica 
and hydrocarbons. Again, the fluorine from the fluoro- 
carbons etches the silicon dioxide, the nitrogen-contain- 
ing material allows for etching of the hydrocarbon 
material within the low-k dieiectnc material. The addi- is 
ticn of carbon monoxide helps the selectivity to other 
layers, in particular silicon nitride. The carbon monoxide 
is believed to scavenge free fluorine within the plasma 
to help the selectivity. More particularly, when a com- 
pound such as octcfluorobutene is used, the plasma 20 
can generate both free fluorine and a carbon-fluorine 
polymer The carbon monoxide helps scavenge the free 
fluorine while allowing the fluorocarbon polymer wthin 
the plasma to be a passivating agent. 
[0026] in general, the oxygen released during etch- 25 
ing of silica-containing material helps in liberating free 
fluorine required to continue etching the silica-contain- 
ing component of the film. However, since oxygen is not 
introduced as a separate species, the only oxygen 
present within the plasma will be oxygen released dur- 30 
ing the etching of the silica-containing component of the 
material. When a nitride layer is etched, oxygen will not 
evolve. Therefore, the carbon monoxide scavenges the 
free fluorine that is present and oxygen is no longer 
present to allow the further breakup of the octofluor- 35 
obutene into excessive amounts of free fluorine. 
[0027] In the foregoing specification, the invention 
has been described with reference to specific embodi- 
ments. However, one of ordinary skill in the art appreci- 
ates that various modifications and changes can be 40 
made without departing from the scope of the present 
invention as set forth in the claims below. Accordingly, 
the specification and figures are to be regarded in an 
illustrative rather than a restrictive sense, and all such 
modifications are intended to be included within the 45 
scope of present invention. 

[0028] Benefits, other advantages, and solutions to 
problems have been described above with regard to 
specific embodiments. However, the benefits, advan- 
tages, solutions to problems, and any element(s) that 50 
may cause any benefit, advantage, or solution to occur 
or become more pronounced are not to be construed as 
a critical, required, or essential feature or element of 
any or all the claims. As used herein, the terms "com- 
prises," "comprising; or any other variation thereof, are 55 
intended to cover a non-exclusive inclusion, such that a 
process, method, article, or apparatus that comprises a 
list of elements aoes not include only those elements 



but may include other elements net expressly listed or 
inherent to such process, method, article, or apparatus. 

Claims 

1. A process for forming etching an insulating layer 
(1 14, 40C, 422, 416) characterised by: 

fom-iing an insulating layer (1 14, 40C, 422, 416) 
over a substrate (100); and 
etching the insuating layer (1 14, 400. 422, 
416) using an oxide etching component, a fluo- 
rine scavenging component, and an organic 
etching component. 

2. The process of claim 1, wherein the oxide etching 
component includes carbon and oxygen. 

The process of claim 1, wherein: 

the oxide etching component is a fluorocarbon 
material; 

the fluorine scavenging component is carbon 
monoxide; and 

the organic etching component is molecular 
nitrogen. 

A process for forming a semiconductor device char- 
acterised by; 

forming an insulating layer (114, 400, 422, 416) 
over semiconductor device substrate (100) 
having a diameter of at ieast approximately 300 
millimeters; and 

etching the insulating layer using (114, 400, 
422, 416) an oxide etching gas and a nitrogen- 
containing gas. 

A process for etching an insulating layer (1 14, 400, 
422, 41 6) characterised by: 

forming an insulating layer (1 14, 400, 422, 41 6) 
over a substrate (100), wherein the insulating 
layer (1 14, 400, 422, 416) includes at least one 
atomic weight percent of an element selected 
from a group consisting of carbon and hydro- 
gen; and 

etching the insulating layer(114, 400, 422, 
416), wherein etching is performed using an 
oxide etching gas and a nitrogen-containing 
gas. 

The process of claim 4 or 5, wherein a molecular 
ratio of the nitrogen-containing gas to the oxide 
etching gas is in a range of approximately 5:1 to 
20:1. 

The process of claim 1 , 2, 3. 4, or 5, wherein a total 
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atomic percent concentration of hydrogen and car- 
bon in the instating layer is in a range of approxi- 
mately 5-20%. 

8. The process cf ciam 1,2,3, 4, or 5, wherein: 5 

a nitrogen-containing layer (420) unaeriies the 
insulating layer (422); 

etching defines an opening within the insjlating 
■ayer ana is performed until the nitride layer 10 
' v 420) is exposed. 

9. The process of claim 8. wherein 

a metal-containing material (414) underlies the 15 
nitrogen-containing layer (420); and 
etching the nitrogen-containing layer (420) until 
the metai-containing material (414) is exposed, 
wherein no significant portion of the metal-con- 
taining matenal (41 4) forms along an exposed 20 
sidewall surface of the insulating layer (422) 
during this act. 

10. The process of claim 1. 2, 3, 4 or 5, wherein a die- 
lectric constant of the insulating layer (114, 400, 25 
422, 426) is less than approximately 3.5. 



30 



35 



40 



45 



50 



55 



EP 1 085 563 A2 




FIG. 3 



EP 1 085 563 A2 




FIG. 5 



8 



EP 1 085 563 A2 




FIG. 7 



(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 




(12) 



(id EP 1 085 563 

EUROPEAN PATENT APPLICATION 



» 

A3 



(88) Date of publication A3 

1 9.09.2001 Bu lletin 2001/38 

(43) Date of publication A2 

21.03.2001 Bulletin 2001/12 

(21) Application number 00119753.2 

(22) Date of filing: 11.09.2000 



151) mtcr H01L 21/311 



(84) Designated Contracting States: 

AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 
MC NL PT SE 

Designated Extension States: 
AL LT LV MK RO SI 

(30) Priority 13.09.1999 US 394517 

(71) Applicant MOTOROLA. INC. 
Schaumburg, IL 50196 (US) 



(72) Inventor Rajagopalan, Ganesh 
Austin, Texas 78746 (US) 

(74) Representative. Gibson, Sarah Jane 
Motorola 

European Intellectual Property Operations 

Midpoint 

Alencon Link 

Basingstoke, Hampshire RG21 7PL (GB) 



(54) Process for etching an insulating layer and forming a semiconductor device 



(57) Many variations of etches for insulating layers 
(114, 400, 422. 426) can be used. In one set of embod- 
iments, an insulating layer (114, 400. 422, 426) is etched 
using an oxide etching component, a fluorine-scaveng- 
ing component, and an organic etching component In 
another set of embodiments, the insulating layer (114, 
400, 422, 426) includes at least one atomic weight per- 



cent of carbon or hydrogen. That insulating layer is 
etched using an oxide etching gas and a nitrogen-con- 
taining gas In yet another set of embodiments, an insu- 
lating layer (114. 400, 422, 426) is formed over semi- 
conductor device substrate (100) having a diameter of 
at least approximately 300 millimeters. The insulating 
layer (114, 400 422, 426) is etched using an oxide etch- 
ing gas and a nitrogen-containing gas 
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